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Objectives. The aim of this study was to clarify how myocardial
perfusion is impaired by asynchronous contraction.
Background. False septal hypoperfusion is noted in some
patients with left bundle branch block.
Methods. Eight dogs were examined with epicardial pacing at
the left ventricular posterior wall, the right ventricular anterior
wall and, as a control, the right atrial appendage. The pacing rate
was 80, 110 and 150 beats/min (bpm). Myocardial perfusion was
assessed by contrast echocardiography.
Results. Left ventricular pacing at 80 and 110 bpm did not
change systolic wall thickening or contrast intensity at the pacing
site, although an early excitation notch was noted at the pacing
site. However, at 150 bpm, systolic thickening was impaired
(23.3 6 4.2% vs. 37.0 6 2.6% during atrial pacing, p < 0.05), and
the peak intensity ratio of the pacing site to the ventricular
septum was significantly decreased (24.1 6 5.7% vs. 37.0 6 2.8%
at a pacing rate of 80 bpm, p < 0.01). The peak intensity ratio
correlated with systolic wall thickening at the pacing site (y 5
0.413 3 20.028, r 5 0.81, p < 0.0001). However, right ventricular
pacing did not change either systolic thickening or the peak
intensity ratio at any pacing rate, although an early excitation
notch was noted on the ventricular septum.
Conclusions. Wall motion abnormalities after early excitation
vary depending on the pacing mode. When tachycardia induces
regional wall motion abnormalities, the ventricular wall of the
pacing site is functionally hypoperfused.
(J Am Coll Cardiol 1997;29:1632–8)
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Some patients with left bundle branch block (LBBB) show
perfusion abnormalities after an exercise test using myocardial
scintigraphy despite normal findings on coronary angiography
(1–3). Such perfusion abnormalities may cause a misdiagnosis
of coronary artery disease in some patients with LBBB.
Because the hypoperfused area is limited to the ventricular
septum and two-dimensional echocardiography (2DE) indi-
cates the asynchronous contraction of the ventricular septum
(by an early systolic notch followed by paradoxic motion [4,5],
for example), many studies (1,6) discuss the close relation
between the asynchronous motion and hypoperfusion and the
ventricular septum in patients with LBBB. To date, however,
the exact mechanism of regional hypoperfusion has not been
revealed.
The aim of this study was to clarify how the myocardium is
hypoperfused by left ventricular (LV) asynchronous contrac-
tion. Myocardial perfusion was assessed by using myocardial
contrast echocardiography (MCE) in dogs with asynchronous
contraction induced by ventricular pacing.
Methods
Animal preparation. Eight mongrel dogs (weighing 17 to
22 kg) were examined. They were anesthetized with intrave-
nous sodium pentobarbital (30 mg/kg body weight, Abbott
Laboratories) after premedication with intramural ketamine
hydrochloride (5 mg/kg body weight, Sankyo Co., Tokyo,
Japan). The dogs were intubated and ventilated with a respi-
rator pump (model Mark 7, Bird). Additional anesthesia was
administered during the experiment as needed.
The dogs were laid in the right lateral decubitus position
and the left side of the chest was opened along the fourth or
fifth intercostal space. The pericardium was incised and used as
a cradle for the exposed heart. A 7F catheter was placed in the
descending thoracic aorta by way of the right femoral artery to
measure systemic blood pressure (Statham transducer, NEC-
San-ei, Tokyo). A thin tube was placed in the right femoral
vein to administer fluids and drugs. A 5F microtipped pressure
transducer (model SPC-350, Millar) was inserted into the LV
cavity by way of its apex to measure LV pressure and its first
derivative (dP/dt). A 5F catheter, similar to Gregg’s catheter,
was placed in the left coronary sinus of Valsalva by way of the
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right carotid artery to inject a contrast agent. Intravenous
administration of 50 U/kg of heparin after insertion of these
catheters was followed by administration of an additional 25
U/kg every hour to prevent clotting of the catheter side holes.
The study conformed to the “Position of the American Heart
Association on Research Animal Use” adopted on November
11, 1984 by the American Heart Association.
Myocardial contrast echocardiography. LV myocardial
perfusion was assessed by MCE using sonicated albumin. Ten
milliliters of 5% human albumin (Green Cross, Osaka, Japan)
was sonicated in the outer tube of a 20-ml syringe for 30 s with
use of a commercially available sonicater (model 250, Bran-
son) with a 3-mm diameter horn, 20 W power and 20-kHz
frequency. Two milliliters of the sonicated albumin was with-
drawn from the bottom of the syringe after 10 s to remove
relatively large microbubbles. This technique provided stable
microbubbles of 11 6 12 mm (mean 6 SD; median 5 mm) in
diameter and 3.9 3 105/ml in density, which were measured by
the Coulter counter ZM.
The sonicated albumin (1 ml) was injected manually at a
rate of 1 ml/s into the left coronary sinus of Valsalva during the
echocardiographic recording. The echocardiograph used was a
phased array system (SSH-60A, Toshiba, Tokyo) with a 5-MHz
transducer. The transducer was placed directly on the heart
wall so that the ultrasound beam was almost perpendicular to
the LV posterior wall through the RV cavity, then the short-
axis view of the mid-papillary muscle level was recorded. The
optimal gain of the equipment was determined initially and
remained constant throughout the experiment. The respirator
was stopped during contrast examination in order to fix the
heart position in the echocardiographic image. The images
were recorded on S-VHS videotape using a high fidelity video
recorder (model AG-7300, Panasonic, Osaka).
An off-line image analysis system (PIAS LA-555, PIAS Co.,
Ltd., Osaka) was used to measure the myocardial videointen-
sity using a 256 scale from black to white. The regions of
interest, squares of ;8 3 15 mm, were placed at the anterior
portion of the ventricular septum and the LV posterior wall. A
time-videointensity curve was composed from consecutive
end-diastolic frames, and peak intensity minus baseline inten-
sity at each region of interest and the ratio between the two
regions (peak intensity ratio) were calculated. A low peak
intensity ratio represents relative hypoperfusion with respect
to the control region. The absolute value of coronary flow
volume is not evaluated by this method.
Echocardiographic measurement. The LV diameter and
wall thickness of the ventricular septum and the posterior wall
were measured at end-diastole and end-systole from M-mode
echocardiograms in the standard manner, in which end-systole
is determined at the nadir of septal motion in cases of normal
septal motion and at the peak of posterior wall motion in cases
of normal posterior wall motion (7). To express the severity of
localized asynergy, the systolic thickening ratio was also calcu-
lated from the systolic thickening of the septum and the
posterior wall.
Ventricular pacing. Asynchronous ventricular contraction
was induced by ventricular pacing. The pacing lead was
attached to the epicardial surface of the center of the RV free
wall for RV pacing, and to the epicardial surface of the LV
posterior wall between the anterior and posterior papillary
muscles for LV pacing. Early excitation of the ventricular
pacing site was confirmed with M-mode echocardiography by
the characteristic notch on the ventricular wall that appeared
during pacing intervals and disappeared with the absence of
pacing (Fig. 1). To avoid the influence of spontaneous sinus
rhythm, the sinus node was crushed by intramural formalin
infusion and mechanical cramping, and RA pacing was per-
Abbreviations and Acronyms
ANOVA 5 analysis of variance
bpm 5 beats per minute
dP/dt 5 first derivative of left ventricular pressure
ECG 5 electrocardiogram, electrocardiographic
LBBB 5 left bundle branch block
LV 5 left ventricle, left ventricular
MCE 5 myocardial contrast echocardiography
RA 5 right atrial
RV 5 right ventricle, right ventricular
2DE 5 two-dimensional echocardiography
Figure 1. Early systolic notch formation (arrows) on the
ventricular septum with RV anterior wall pacing (left)
and on the posterior wall with LV posterior wall pacing
(right).
1633JACC Vol. 29, No. 7 BEPPU ET AL.
June 1997:1632–8 ASYNCHRONY-INDUCED HYPOPERFUSION
formed at its appendage. Three different modes of pacing were
examined: RA pacing without ventricular pacing, with RV
anterior epicardial wall pacing and with LV posterior wall
pacing in which the atrioventricular pacing interval was kept
constant at 140 ms throughout the experiment. The pacing
rates used were 80, 110 and 150 beats/min (bpm).
Experimental protocol. After all hemodynamic variables
were stabilized and the artificial pacing mode was confirmed
3 min after the onset of pacing, the LV short-axis view,
M-mode echocardiograms, and MCE were obtained. These
examinations were performed twice at each pacing site and at
each pacing rate, which was set randomly. Each pacing period
had a duration of #10 min and the interval between each
pacing period had a duration of $10 min. During the experi-
ment, all the hemodynamic variables mentioned were contin-
uously monitored and recorded on a strip chart recorder.
Measurement of intramural pressure. At the end of the
experiment, the intramural pressure of the LV wall was
measured during atrial and ventricular pacing with a guide-
wire–mounted pressure sensor with a diameter of 0.018 in.
(0.457 mm) (RADI Medical Systems, Uppsala, Sweden). This
sensor, developed to measure the pressure of thin vessels such
as narrowed coronary arteries, was inserted into the LV
posterior wall from the epicardial surface by way of a 20-gauge
needle used as an introducer. This equipment provides the
intramural pressure pattern without a time lag.
Statistical analysis. Variables are presented as the mean
value 6 SE. Two-factor factorial, repeated measures model of
analysis of variance (ANOVA) was used to compare means at
different pacing rates and at different pacing sites. If ANOVA
indicated a statistically significant difference, a one-factor
factorial, nonrepeated measure model of ANOVA was used to
examine the difference due to the pacing site at the same heart
rate. The Scheffe´ F test was used for comparison. The corre-
lation between two variables was examined by the linear
regression method. A value of p , 0.05 was considered
significant.
Results
Wall motion abnormality at ventricular pacing site. An
early excitation notch was noted at the ventricular septum with
RV pacing, and at the LV posterior wall with posterior wall
pacing, whereas no asynchronous motion was noted with atrial
pacing at any pacing rate (Fig. 1). In cases of LV posterior wall
pacing, the total systolic excursion of the LV posterior wall was
impaired, concomitant with hyperdynamic motion of the ven-
tricular septum (Fig. 2 and 3). The systolic thickening ratio of
the LV posterior wall to the ventricular septum was decreased
from 97.6 6 1.4% at 80 bpm to 87.6 6 4.5% at 110 bpm and
65.0 6 10.3% at 150 bpm. Systolic thickening of the LV
posterior wall was 23.3 6 4.2% at 150 bpm, which was
significantly lower than 37.0 6 2.6% in cases of atrial pacing at
the same pacing rate (Table 1). Impairment of systolic thick-
ening of the LV posterior wall was noted immediately after the
onset of the pacing. In contrast, in cases of RV anterior wall
Figure 2. Influence of LV posterior wall pacing on
LV wall motion. No abnormal motion except an
early excitation notch on the posterior wall (arrow) is
noted at 80 bpm (left). Systolic thickening of the LV
posterior wall is not obvious at 110 bpm (middle).
The LV posterior wall is not thickened and shows
dyskinesia during systole at 150 bpm (right). The
ventricular septum moves exaggeratedly in contrast
to the impaired motion of the posterior wall.
Figure 3. Akinesia of the LV posterior wall with LV
posterior wall pacing at 150 bpm. The posterior wall
is not thickened, although the other region is well
thickened during systole.
1634 BEPPU ET AL. JACC Vol. 29, No. 7
ASYNCHRONY-INDUCED HYPOPERFUSION June 1997:1632–8
pacing, the early excitation notch on the ventricular septum
was small even at a high pacing rate, and a segmental wall
motion abnormality could not be identified with certainty on
2DE. Systolic thickening of the ventricular septum during RV
anterior wall pacing was almost equivalent to that observed
during atrial pacing at any pacing rate (Table 1).
Regional hypoperfusion at the pacing site. At a pacing rate
of 80 bpm, all segments of the LV wall opacified well irrespec-
tive of the pacing site. The peak intensity ratio of the posterior
wall to the ventricular septum was ;40%, although observa-
tion showed that the ventricular wall opacified homogeneously
(Table 1). This finding may be due to the effect of the acoustic
near field, as the transducer was placed directly on the heart
wall.
In cases of LV posterior wall pacing, the peak intensity ratio
decreased from 37.0 6 2.8% at 80 bpm to 34.7 6 1.8% at 110
bpm and to 24.1 6 5.7% at 150 bpm. All of these ratios were
significantly lower than those in the cases of atrial pacing and
RV pacing (Table 1). In a representative case, the posterior
wall was faintly opacified at 110 bpm and did not opacify at 150
bpm, although it was clearly opacified at 80 bpm (Fig. 4). The
peak intensity ratio correlated significantly well with the sys-
tolic thickening ratio (y 5 0.413 3 20.028, r 5 0.81, p ,
0.0001), indicating that low perfusion was accompanied by
reduced systolic thickening (Fig. 5).
In cases of atrial pacing, no heterogeneous opacification of
the ventricular wall was noted at any pacing rate (Table 1). In
cases of RV pacing, the peak intensity of the ventricular
septum was not reduced at any pacing rate, despite the
appearance of an early systolic excitation notch.
Hemodynamic variables (Table 1). Both systemic systolic
and diastolic pressure and dP/dt decreased concomitantly as
the pacing rate increased, independently of the pacing site. The
systolic pressure was 105 6 7, 90 6 6 and 78 6 6 mm Hg, and
the diastolic pressure was 73 6 8, 62 6 6 and 58 6 7 mm Hg,
and dP/dt was 1,097 6 82, 890 6 69, and 773 6 61 mm Hg/s at
pacing rates of 80, 110 and 150 bpm, respectively. The pacing
site did not affect hemodynamic variables. LV end-diastolic
pressure did not differ according to pacing rate or pacing site,
although a small elevation was noted: 4.9 6 0.8, 5.9 6 0.6 and
6.6 6 0.6 mm Hg at pacing rates of 80, 110 and 150 bpm,
respectively.
Hemodynamic variables remained the same whether or not
abnormal opacification of the LV posterior wall occurred at
the pacing site at a pacing rate of 150 bpm.
Table 1. Hemodynamic and Echocardiographic Data at Each Pacing Rate and Pacing Site
HR 80 bpm HR 110 bpm HR 150 bpm
RA RVAW LVPW RA RVAW LVPW RA RVAW LVPW
BP (systolic) 100.5 6 18.8 108.2 6 10.2 106.0 6 10.3 87.3 6 15.1 90.2 6 10.7 91.8 6 9.8 76.0 6 13.4 80.8 6 10.4 76.3 6 9.3
BP (diastolic) 61.7 6 11.7 80.2 6 13.7 73.8 6 13.5 55.7 6 9.9 57.4 6 6.7 71.6 6 11.7 46.7 6 12.3 61.2 6 13.5 62.4 6 12.3
LVEDP 6.0 6 2.6 4.0 6 0.6 5.2 6 1.5 6.7 6 0.9 5.8 6 0.6 5.5 6 1.3 7.0 6 2.1 6.2 6 0.8 6.8 6 0.9
dP/dt 1100 6 136 1072 6 100 1122 6 183 847 6 208 882 6 127 920 6 88 737 6 126 810 6 105 753 6 108
EDTh (IVS) 9.7 6 0.2 10.3 6 0.5 10.6 6 0.3 10.3 6 0.2 10.7 6 0.6 10.1 6 0.3 9.9 6 0.2 10.3 6 0.6 9.8 6 0.5
%Th (IVS) 38.5 6 0.8 36.4 6 2.4 35.4 6 1.8 32.3 6 2.1 34.4 6 2.9 33.2 6 1.5 34.1 6 1.5 30.8 6 2.1 36.8 6 4.6
EDTh (LVPW) 10.0 6 0.5 10.3 6 0.6 10.3 6 0.7 10.4 6 0.4 10.7 6 0.7 10.9 6 0.2 10.3 6 0.4 10.6 6 0.5 10.3 6 0.6
%Th (LVPW) 42.7 6 1.5 34.7 6 2.3 34.6 6 2.0 36.7 6 3.0 34.6 6 2.9 28.9 6 1.5 37.0 6 2.6 30.2 6 2.0 23.3 6 4.2*
%Th ratio 99.3 6 2.8 95.3 6 0.7 97.6 6 1.4 113.3 6 4.7 100.7 6 1.8 87.6 6 4.5† 97.7 6 3.4 98.1 6 1.0 65.0 6 10.3†‡
PI ratio 46.7 6 2.1 38.9 6 3.1 37.0 6 2.8 42.1 6 1.9 39.4 6 3.5 34.7 6 1.8* 41.0 6 2.9 39.3 6 3.2 24.1 6 5.7†§
*p , 0.05, †p , 0.01, left ventricular posterior wall (LVPW) versus right atrium (RA). ‡p , 0.01, §p , 0.05, left ventricular posterior wall versus right ventricular
anterior wall (RVAW). Data are expressed as mean value 6 SE. BP 5 systemic blood pressure; bpm 5 beats per minute; dP/dt 5 first derivative of left ventricular
pressure; EDTh 5 end-diastolic thickness; HR 5 heart rate; LVEDP 5 left ventricular end-diastolic pressure; PI ratio 5 peak intensity ratio of left ventricular posterior
wall to interventricular septum (IVS); %Th 5 systolic wall thickening; %Th ratio 5 systolic wall thickening ratio of left ventricular posterior wall to interventricular
septum.
Figure 4. MCE at LV posterior wall pacing. The
posterior wall (arrows) opacifies well at 80 bpm, but
not at a high pacing rate.
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Intramural pressure. During atrial or RV anterior wall
pacing, the intramural pressure curve of the LV posterior wall
was analogous to the LV intracavitary pressure curve. How-
ever, these curves were not analogous during LV posterior wall
pacing; a pressure heave was definitely noted after a pacing
spike on the ECG in the intramural pressure tracing of the LV
posterior wall (Fig. 6). The pressure heave occurred at the
diastolic phase of the left ventricular cavity, according to the LV
intracavitary pressure curve. The peak and nadir of the intra-
mural pressure curve easily drifted after a light touch of the
pressure wire, although the measuring system was calibrated
carefully before the sensor was inserted into the myocardium.
Therefore, we did not measure the magnitude of the pressure
heave after the pacing spike. However, the time of the pressure
heave remained constant, occurring immediately after the
pacing spike in all cases.
Discussion
This study suggests that the ventricular wall segment show-
ing early excitation during ventricular pacing will be hypoki-
netic and hypoperfused at a high pacing rate but not at a low
or moderate pacing rate. Both regional asynchronous motion
and tachycardia appear to be indispensable for regional hypo-
perfusion.
Wall motion abnormalities and hypoperfusion. It is well
known that rapid atrial pacing induces systolic and diastolic
dysfunction (8). During ventricular tachycardia, incomplete
filling and uncoordinated contraction are causes of hypoten-
sion (9). In these cases, myocardial hypoperfusion is not
localized but general. In the present study, in contrast, the LV
posterior wall was segmentally hypoperfused by pacing at a
high pacing rate. This segment did not show hypoperfusion at
low pacing rates.
The mechanism of hypoperfusion at the ventricular pacing
site can be explained as follows. The coronary blood flow
volume decreases with the low perfusion pressure, small lumen
diameter of the coronary arteries and short diastolic period.
The LV diastolic period in patients with RV pacing or LBBB
is short because of asynchronous LV contraction (10–13).
Moreover, the ventricular wall of the pacing site begins to
contract earlier than other regions and the regional intramural
pressure rises during the diastolic period for the LV cavity,
resulting in a decrease in perfusion pressure. In other words,
the diastolic period for coronary flow becomes shorter at the
pacing site than at other areas. It is convincing that tachycardia
enhances the shortening of the regional diastolic period at the
pacing site. The shorter the diastolic phase, the more signifi-
cant is the effect of the reduction in perfusion pressure on
coronary flow (14). In a canine experiment (15), coronary flow
was reduced at the ventricular pacing site.
LBBB and septal hypoperfusion. Thallium myocardial
scintigraphy shows septal hypoperfusion after exercise in some
patients with LBBB even when they have normal coronary
arteries (2,3,16). Two main hypotheses explain the mechanism
of this false positive result: 1) functional ischemia due to
asynchronous contraction, and 2) true ischemia due to small
artery disease such as “syndrome X.” Hirzel et al. (1) examined
coronary flow by using microspheres during electrically in-
duced LBBB in dogs. They showed that coronary flow was not
changed by atrial pacing but was reduced by RV endocardial
pacing at a rate of 134 bpm. They speculated that prolonged
compression of the septal arteries as a consequence of asyn-
chronous septal contraction due to aberrant and delayed
depolarization in LBBB might cause some impairment of
septal blood flow. Ono et al. (6) also examined regional
perfusion with the use of thallium-201 and studied systolic
thickening of the ventricular septum with echocardiography
during RV pacing in dogs. They concluded that impaired
systolic thickening of the septum was the cause of reduced
myocardial perfusion in LBBB.
They neither examined the effect of a low pacing rate nor
discussed the significance of the tachycardia. We believe that
the high pacing rate was the indispensable factor in their
Figure 5. Relation between the systolic wall thickening (% WT) ratio
and peak intensity (PI) ratio of the LV posterior wall to the interven-
tricular septum (PW/IVS) in cases of LV posterior wall pacing (y 5
0.413x 2 0.028, r 5 0.81, p , 0.0001).
Figure 6. Intramural and intracavitary pressure tracings during LV
posterior wall pacing. Note the pressure heave (thick arrow) in the
intramural pressure tracing after the pacing spike.
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results. Many investigators (17–20) have said that the adeno-
sine or dipyridamole stress test is superior to the exercise stress
test to minimize the false positive rate when examining myo-
cardial ischemia in patients with LBBB. The change in heart
rate by a stress test should affect its result.
Variable effect of ventricular pacing. The ventricular sep-
tum was hypoperfused by RV pacing in the experiments of
Hirzel et al. (1) and Ono et al. (6) but not in the present study.
The major difference in the experimental conditions of their
studies and ours was the site of pacing. They paced at the
endocardial surface of the RV cavity using an electrode
catheter, while we paced at the epicardial surface of the RV
anterior wall. In our study, an early systolic notch on the
ventricular septum, which is characteristic of RV pacing, was
obvious; however, we did not find either paradoxic motion or
reduced thickening of the ventricular septum even at high
pacing rates. The electrical conduction sequence in the ven-
tricular myocardium should be different depending on whether
epicardial or endocardial pacing is applied. Even endocardial
pacing of the RV does not always induce abnormal movement
of the ventricular septum (5). McDonald (4) found that an
early systolic notch was universal, although septal motion after
the notch varied among patients with LBBB. This variability
indicates that the sequence of LV endocardial activation is
heterogeneous in patients with LBBB (21). Therefore, septal
hypoperfusion is not a common finding in patients with LBBB,
even if the amount of stress or the increase in the heart rate is
equal or identical among patients.
Moreover, rapid pacing of the LV posterior wall did not
always reduce systolic thickening and hypoperfusion in the
posterior wall in this experiment. This variability can also be
explained by the heterogeneity of the endocardial activation of
the posterior wall. Hirzel et al. (1) also noted a lack of
reduction in coronary flow in the ventricular septum after rapid
RV pacing in one of seven dogs.
Limitations of the study. We examined MCE to evaluate
myocardial perfusion. MCE is somewhat limited when used to
evaluate myocardial perfusion quantitatively, although it accu-
rately demonstrates the area at risk (22–25). Quantitative
evaluation of myocardial perfusion using the contrast echo
technique requires use of a contrast agent that distributes
bubbles of the same density and size throughout all injections
and among different subjects, because the echo intensity
significantly depends on bubble size and density. There are
several studies presenting indexes from the time-intensity
curve that are reproducible and reliable when human albumin
is used as the contrast agent, bubbles are produced by a
sonication method, the contrast solution has no foamy layer
and the injection volume and speed are carefully set (26–36).
Recent work (37,38) has suggested that the ultrasonic power
and the gas surrounding the bubbles are major factors in the
disruption of bubbles, although these factors have not yet been
well documented. Accordingly, we did not use the raw data of
the videointensity of the myocardium, but rather compared the
peak intensity between the pacing and remote areas. Even if
the raw data of videointensity may be somewhat influenced by
the contrast agent, the ratio between different areas should be
independent of this bias (39). Despite some limitations, MCE
has several advantages. One is repeatability, allowing myocar-
dial perfusion to be examined frequently under different
conditions (for example, different pacing modes and pacing
rates) within a short period of time. The other is that it permits
simultaneous examination of wall motion abnormalities and
perfusion abnormalities.
We induced asynchronous contraction by ventricular
pacing, placing the electrode on the epicardial surface in
imitation of LBBB. Ventricular pacing is not true LBBB,
even when the endocardial surface is paced by an electrode
catheter. Therefore, we cannot not discuss the differences
between true block and our pacing mode. However, ventric-
ular pacing is similar to ventricular premature contraction,
and the early systolic notch observed at the pacing site is
also similar to that observed in patients with asynchronous
contraction due to LBBB (4,5).
The intramural pressure of the endocardial side is quite
different from that of the epicardial side (40). In general,
however, measurement of intramural pressure is quite difficult.
The pressure sensor used in our experiments was installed at
the lateral wall of the wire, which provided lateral pressure. We
assumed that the intramural pressure curve would be different
in the endocardial to epicardial direction and the circumfer-
ential direction. Moreover, the peak and nadir of the intramu-
ral pressure curve easily drifted after a light touch of the
pressure wire. We did not measure the intramural pressure
because we did not know the exact position of the pressure
sensor inside the myocardium and because the pressure tracing
was unstable. Nevertheless, the time of the early systolic
pressure heave after the pacing spike remained constant
throughout our experiments. It is noteworthy that the intra-
mural pressure of the pacing site increases prematurely before
the intracavitary pressure increases.
Clinical implications. Myocardial ischemia is difficult to
diagnose by ECG in patients with an abnormal ECG at rest.
Thallium-201 myocardial scintigraphy is valuable for diagnos-
ing myocardial ischemia even in such patients. However, some
patients with LBBB show false positive scintigraphic findings
after an exercise test. The present study reveals that the region
showing early excitation is hypoperfused at a high pacing rate.
Therefore, tachycardia after stress testing can lead to misdiagnosis
of coronary heart disease in patients with LBBB.
We do not know whether prolonged LV pacing at a high
pacing rate induces an irreversible ischemic change at the
pacing site. In dogs and smaller animals such as rabbits, rapid
ventricular pacing for several weeks created several foci of
myocardial fibrosis, which induced cardiac failure (41–45).
Tachycardia in a patient with LBBB may cause LV function to
deteriorate. Further tests are needed to show regional myo-
cardial changes at the asynchronous contracting site in patients
or animals with ventricular pacing at a high pacing rate or
LBBB during tachycardia.
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